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I, INTRODUCTION 


Petroleuns is an outstanding source of fuel, lubricants, and 
international friction, Some writers have gone so fer as to say that 
modern ware are fought with and for ofl. While there may be differences 
of opinion es to the importance of petroleun in relation to wrld politics, 
there can be no doubt thet wars today are fought and won with oil. 
vedern warfare is mechanized warfare, and without petroleum sachines of 
war are useless, 

Por the foreseeable future petroleum heads the lists of 
strategic materials. Planning for war oust be global in scope, and not 
only must petroleum production be sufficient to sustain a global war, 
but faeilities for handling petroleum fuels and other products sust be 
suitable for support of the armed forces under any situation. ‘“odern 
warfare, then, demands that fuels be delivered to the using units wherever 
they are, end in mfficient quantity ond qality to permit these unite 
to carry out their gissions - this meang adequate fuel supply for ships, 
sutmarines, planes, tanks, and vehicles, 

Waste and contamination must be held to an absolute minimum in 
the handling of petroleun fuels. ‘eduction in losses due to waste not 
only conserves fuel but sanpower as well. Contaminated fuel can be just 
as dangerous to ailitery operstions as contaminated fucd since it can 
immobilise these ships, planes, tanks, and vehicles in forward areas, 
therety exposing troops to enesy fire. 


References are Aisted in the Ribliegrepty. 
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A review of the offensive naval operations during World war IT 
@iscloses that most of these operations were undertaken for the purpose 
of seising and establishing advanced bases from which further offensives 
could be mounted and supported, Although successful in seizing and using 
advanced bases, it was apparent that improved facilities, equipment and 
techniques were needed, particularly where the handling of petroleum fuele 
wes concerned, Installations for handling fuels st advanced bases are, 
therefore, being studied by the Armed Forces with @ view to improving 
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Il, PURPOSE 


In addition to efficiency, simplicity of construction and opera- 
tion ere highly desirable where advanced-vase bulk-petrolewn fuels 
handling fscilities are concerned, Standardisation of materials, methods 
and procedures tends to facilitate construction and promote efficient 
operations of wartime bases, ‘To this end the Bureau of Yards and Docks 
has designed functional components for advanced vase fusl facilities 
euch as those shown in Figures 1 to 9 inclusive in the Appendix, and 
operational instructions are contained in llavy Lepartaent publications 
ouch as the Fue) Lepot Handbook.” 

Wot all of the problems relating to advanced base fuel handling 
are technical; however, in the analysis to follow the probless considered 
have been in general limited to those encountered in the field which are 
basically of a technical nature, The purpose of this study is to cite 
Gefects and advance modifications and improvements for their correction. 
Wwiefly stated the major problem in this category are as follows: 

(1) Lesees of products incurred and man hours required 

incident to the handling of drummed fuels during 
the assault phase of anphitdous operations, 

(2) The need for more reliable sea loading lines 
inasmuch as failure of these linss may seriously 
hamper or preclude vital fueling operations of 
fleet units. 

(3) Short useful life of steel pipelines and tanks due 


to corrosion, 
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(4) Bvaporetion from gasoline storage tanks which 
results in sabstantial losses of fuel and 


tends to throw the product off specification, 
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III, NAVAL ADVANCTD BASES 


Advanced Page, the prigary mission of wich is to support 
wartime operations of the armed forces, is a general term designating a 
base located in or near forward areas outside the uone of the interior. 
Such bases are deployed after declaration of an emergency or upon mobili- 
gation in direct support of combatant unite and are usually of temporary 
wartime constructions” 
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As Types of Advanced Reses 
There were several general types of advanced bases in World 
war II, vist 
™ (1) Those established to hold threatened strategic 
| ‘areas Such as Kodiak and Adak, Alaska. 
(2) Those established as part of or to protect a 
line of supply and communication such as those 
in Brasil and Samoa, 
(3) Those which served as bases for direct offensive 
 qperations such as Tinian, 
(&) Those which served to sount or support further 
offensives such as the amphibious bases in Mngland, 
(S) Those which were a combination of several or all 
of these such a@ Gum, 
(6) Those which were established because of an 
imagined threat am which turned out actually 
to be safe areas such as the motor-torpede boat 
bases on the west coast of Central and South imerica, 
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B. Types of Advanced Base Fuel Installations 


World War IT edvanced base installations veually ineladed 
facilities for rweetvings storing, ond dietributing tlk petrolew fuels, 
No two fuel aystens wore exactly alike, yet they aay be cleesified as one 
of two general types, vis., (1) permanent installations on prewar bases, 
and (2) temporary advanced base installations in forward areas, 

Construction on permanent bases outside the continental Limits 
such a9 Argentia, "ewfoundland, Permuda, Trinidad, "ewaiian Islands, 
Johnston Island and Midsay was begun by contractors before or shortly 
after the Japanese attack st Pearl Marbor, In some cases the contractor's 
forces were relieved by Naval Construction Sattelions (Seabees) who 
conplated the construction work. On these bases the fuel installations 
are of the permanent type, ie. underground concrete or steel storage 
tanks, welded steel pipelines, stationary pumping and dispensing units, 
and fuel piers or fuel docks, 

In decided contrast to the permanent facilities were those in 
the second group, the temporary advanced base installations in forward 
areas, particularly in the Pacific Ocean areas west of the laweiian 
Islands, It is primarily this type of installation that will be discussed 
in the following pages. 

For the sost part, the construction of shore installations at 
naval advanced bases in the Pacific was accomplished by Waval Construction 
Battalions for the suppert of land, sea, and air forces in the war 
against Japan, and for the most part the bulk fuel installations consisted 
of bolted steel starage tanks, light weight, groove coupling pipelines, 
and portable pumping units. In general these materials and eqwipment wre 
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designed to save shipping space and weight, and for simple speedy erection - 
design characteristics not necessarily conducive to the most efficient 
operstions or to long life. Figures on the total storage of this type 
erected during World war II are not aveilable, tut approximately 3,500,000 
barrels of storage wore still usable at bases in the Pasifie eighteen 
months after V-J Dey, This storage, therefore, not only served the pri- 
mery purpose for which it was erected, but also the Navy's post-war needs 
during the somewhet hectic demobilization period; notebthstanding the 
fact that lit\le or no corrosion protection or maintenance was provided 
these temporary facilities. ‘oil md ataospheric cosrogion in most 
Localities in the Pacific is severe, yet few tanks were even painted after 
erection and, except for a little paint here and there, pipelines were 
provided no protection from corrosion. 

. Many of the fuel systems at naval advanced bases wore originally 
dependent on sea loading iines for receiving from and dischering to tankers, 
Usually these lines were the first part of the systems t fil. The aost 
Common failures wore due to the submarine hove parting or the hose and 
marking buoy being carried away by wave action, or fuilure due to the 
rupture of the pipeline whieh occurred usually at the point where it lay 
owr & coral reef, Wherever practicable submarine lines were replaced 
with fuel docks, piers, or jetties. 
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CG. Amphibious Operations 


Before these shore facilities could be constructed in the Pacific 
Ocean areag it was, in most cases, necessary to first secure islands for 
pases ty Goens of enghtbious epevetiens againet the Japances whe held the 
islands = names like Cuadalcsnal, Tarawa, Kwajalein, Eniwetok, Pelileu, 
Guam, Saipan, and Tinian are synonymous with the tera auphibious warfare. 
In these amphibious operations, and particularly during the assmlt phase, 
there existed @ major probles with regard to the handling of fuels, Until 
sufficient area could be cleared of the enemy, and bulk fuel pipelines 
and storage could be erected, fuel was supplied in drums, In addition to 
being wasteful the method of handling druumd fuels from ship to shore 
required extensive equipment, labor, and time, It is, therefore, desirable 
to eliminate the handling of Crumsed fuel over the beaches as early in 
the assault phase as possible, 
After a study of World War II operations, the United States 
Werine Corps outlined in general the required military characteristics of 
bulk fuel handing equipment for the assault phase, vis: 
(1) Capable of delivering « sinimm qumtity of fuel 
per day per Marine division (not including aviation 
products). 
(2) Capable of delivering fuel with no rehandling at 
the transfer line or across the besch. 
(3) Capable of installation by unskilled personnel. 
(4) Transportable 
(5) Capable of handling sotor gasoline and diesel 
fuel simultaneously. 
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(6) Bmbody maximus protection against the hazard 
of fire. 
(7) Capable of repair and maintonanes in the field, 
The Research ond Development Board is, therefore, devoting study 
to the interim period between the time the beach is sscured ad the tine 
tank farms can be erected, with a view to reducing the period of depend- 
ence on Grumed fuels, The wrk on design and testing of the interia 
system is being closely coordinated with the United States Warine Corps. 
) Several approschos to the problem of transferring bulk fuel 
from tanker to shore have been or are being considered, In cenerel these 
considerations involve the use of existing craft or modifications thereof 
such ast 
(1) Modified LST 
(2) LOVP and DUKWS plying betwoen tanker and shore 
(3) Converted fleet eubsarine 
For purposes of handling fuel on the beaches in the tulk, two 
collapsible storace tanks both of 1000 barrel capacity are under developsent : 
| (1) A pillow-shaped tank of pliable material 160" « 12" 
and weighing 2h00 pounds which can be ralled for 
shipment in @ package 13° x &* x k*, 
(2) A dual wall tank erected by compressed air re- 
sulting in o cylindrical container 30 feet in 
@iameter and 8'=6" high, 
Light-weight collapsible hose hes been developed which can be 
used with an interim fuel system in lieu of pipe. This hose can be dis- 
tributed from trucks at about 15 miles an hour. 


N 


Portable pumping units for an interim system present no particular 
problem inasmuch as suitable units are available over a wide range of 
capacities, 
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fuctiitiee astore for foal ott» dees) oily and gusoline (motor ond. svise 
tion grades), To this list jet fuel must now be added, 

a. : i 

Sho stanton), ceareatertotion of Sash oh} ore. sian tn Puree 
of Shige sppettiostions,? The most important properties from tho stand 
point of bulk plant operation are viscosity, specific grevity, stability, 
Compatibility, water and godizont content (Byi» and V5), and 
- _, The two Navy gredee of fuel oi] in genersl use are: (1) Orede 
I or Special with « mexinun specified viscosity of 225 545s. (Ooh0 
Stoke) at 122° 7, (SP C) and (2) Grade IT with » maximum viscosity of 
190 5+5.%s (3e19 Stokes), The Navy Special fuel of] which is used ex- 
Liquid whieh ean be stored and tronaferred with little or no hesting in 
mild climates. Crade I] requires some hesting, but om usually be 
transferred at 85° to 90° F, 

Prior te about 1943 llawy epeck fications referred to the grades 
of fuel of) a8 Ay By end Ce Bunker "C" became @ collogsial tera used — 
both in and out of the Navy for @ viscous ofl of about 300 5.5.7. aaxinun 
viscosity. It was frequently very difficult to handle this grade, and as 
supplies on hand were exhausted burners wore converted for use uith either 
Navy Special or Orede Tl fuel oil, . | 

The specification linite of API gravity for Nevy fuel oils heve 
ap dizest sarpess other then to insure thah witer wilh cattle fren the 
oil, the eettlesent of water obvicusly being much slower in oil having 
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almost the same density as the water than in lighter oils (higher API 
gravity), Wavy Special umally runs sbout 4° API higher than Grade IT, 
but either can vary over a 4° ranges. Cracked fuel oils normlly have 
lower APT grevities than straight run crude residuals of the same viscosity. 

The stability of @ fusl of] is thet property of the ofl which 
resists sludge formation and sedimentation. Up until about teonty-five 
yeare ago aost fuel oils were the residmm from the simple distillation 
of crude ofl, and were a9 stable ss the crude from which they wore derived, 
However, whan cracked fuel oils first cane inte general use difficulties 
from instability developed, The most troublesome effect was the forma- 
tion of adherent deposit in of) heaters. The cracked of] having had its 
solecular stricture violently disturted ond re-errangod in the cracking 
process, continued to undergo slow chemical chance which wes accelerated 
ty rehesting. As a result of an intensive study of the stability of 
ereckeé fuel by the refiners and the Navy, « fuel ofl of reasonable 
stability wae produced under controlled refinery processes, 

Tt was also soon evident that cracked oils were not always 
compatible, i.e. tw oils from different sources and of different composi- 
tion might be reasonably stable individually, but might resect with each 
other when mixed, depesiting sludge or becoming unstable and tending to 
build up deposite on heaters, Decmuse of the possibility thet different 
ohipments of fuel ofl aay be incompatible, it is desirable to transfer 
and store the shipments in such & way as to avoid mixing. Under wartine 
conditions and at advanced bases, it may not always be possible to handle 
shipments separately; however, all effort practicable should be made to 
hold mixing to a sinigun=, 
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‘Diesel fuel and boiler fuel coils are even more likely to be in- 
compatible, Diesel ofl may be & straight ran ges of] of paraffinic 
properties quite different in nature from crecked fuel cil, ‘ot over two 
per cent of diesel oil can be added to fuel oil without danger of throw 
ing the fuel oil off specification, Contaminated diesel from ships! 
tankers or other sources must be handled separately and not pumped into 
fuel ofl tanks, 

s Puel ofl containing several per cent of water can often be 
turned successfully, tat it is considered unsatisfactory for normal use, 
Careless handling or accident may increase the water content. It nay 
increase during marine shipment from weather, leaks, and condensation, 
The water may be “free” water in which case it will settle out in tim, 
or it may form & stable emulsion which will never settle out. Navy 
Specifications limit the amount of f.5. 4 ¥., sore water being permitted 
efter the ofl has boen shipped by coean tanker than at the refinery, 

Neither Wavy Special nor Grede Tl fuel ol] is inflammable at 
ordinary temporetures, They becom « fire hasard only when something more 
inflameable acts as & starter, The flash point io set at 150°", ainimn 
by avy Specifications, A temperature differential of 15° F, under the 
flash point is usaally ample for a safety factor. When fuel ofl is stored 
at this temperature or below, the vapor although combustible in chenicel 
natare is too dilute to ignite or burn. In other words, the veporeir 
mixture in @ fuel ofl storage tank that is sufficiently uncer the flash 
point of the oil is below the lower limit of explosibility. 

Two typical advanced bese layouts of shore receiving and storage 
fueilities for fuel of] are shown on Figure 1 in the Appendix. The D-4 
nerthern functional component (list of materials) is desimed for use in 
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northern climates (above approxinataly 31° " Latitude) where the fuel oil 
would require heating to facilitate handling. Yuel oil facilities shom 
on Figare I would be constructed primarily for fueling ships, hence no 
separate shore distribution systen such as would be required to service a 
steam power plant or s\een evaporstor plant is included on the drawings 
Although the details are not shown on this plan the pipelines and pumps 
for the tank farm would be so connected as to permit the fueling of ships 
from shore storage through the sane lines used for filling the share stor- 
ago tanks. 
2 Diesel 042 

- Bheseh fuel oid of Wavy specification is a distillate, a closely 
controlled and thoroughly refined product, normally pale yellow in color, 
and comparable to kerosene except for ® lower volatility.” Wevy diesel 
for high speed engines is in no way comparable to the heavier gas oils 
and blends which were formerly used for slow speed marine diesels, 
particulerly when sir injection me used, 
- The specific gravity of diesel is of no particular importance 
and is not covered ty apecifications. It will sverage about 0.02 or 40” 
Arie 

Diesel oil hes a relatively low viscosity and at ordinary teupere- 
tures it pumpe and flow almost like water, Wavy specifications liait the 
viscosity to 35 to US SSY et 100° Fs. or approximately 0,025 te 0.06 stoke. 

Navy diesel algo has @ relatively low pour point, the pour point 
being approximately the lowest teuperature at which it will flow, However, 
@ rather repid congealing takes place at the pour paint (approximtely 0° F.) 
due to the precipitation of particles of wax and it is, therefore, necessary 
to heat the oil in cold climstes unless « special diesel fuel with lowr 
pour point is provided, This congealing property of diesel oil has no 
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direct relation to the progressive increase in viscosity that effects all 
ails with lowred temperatures, Sood diesal fuel is likely to be refined 
from waxy stock since tris produces an o1l of good ignition characteristics, 

Cetane gumber is a measure for defining the ignition quality of 
& diesel fuel, It is desiratie tet the ignition lag in @ diesel engine 
be as short as possible to prevent engine imock and rough rumming, The 
length of ignition lag Gepends on te chemical composition of the fhel, 
and is defined by the scale nom es the cetune number - the hisher the 
cotane mater the shorter the lag and the better the i¢mition mality of 
the fuel, “ore specifically, the cetens muber is the per cent of the 
hydrocarbon cetans, & compound of excellent igrition malities, in @ mix 
ture ath anotlwr hydrocarbten of very poor iynition properties, which 
matches the fuel under test in ignition performances, The cotans number 
represents essentially opposite characteristics to the oct«me number of 
gasoline. in & gasoline engine all the fuel is present before compression, 
and a long selfignition lag is desirable to permit the charge to burn 
progressively and completely from the flane-front started by the spark 
plug vefure any part of it detonates as a result of pressure and tenmpere- 
tare rise, ' . 

Diesel of] is much more penetrating than fuel oil and sore 
penetrating than water as fur a6 puxp and valve stem packings sre 
concerned, Tho fact thet it is hard to hold must be renesbered in handl- 
ing operations and care must be exercised to prevent leaks, 

Diesel ofl should be water-free when used. Aboard ship contact 
with water is necessary when water ballast is carried in bunker tanks or 
when tho fuel tanks of vessels are provided with eutomstic fuel of] conm- 
pensation wherein the ballast water is forced out of the tanks and sea 
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connections by entering fuel. Revues beeping dhessh Gry in. chose 
handLing facilities prosents no particular problem. Free weter will 
settle out repidly, but it may sometimes be necessary to filter a sus- 
pension containing & small asount of water such 68 may occur {f oil and 
eater are well churned in © centrifugal pusp. 

. The color of diesel fuel itself is not important, but it pro- 
vides @ very practical end valusble means for checking to insure thet 
contaminetion has not occurred in handling. The quality of the fuel 
should be deternined by testing if any darkening in coler occurs in 
storage, Contamination of diesel with even & enall acount of boiler 
fuel must be carefully avoided since such contamination may be ruinous 
in the operation of diesel engines, 

Diesel fuel ofl is not capable of giving off inflam=sble vapors 
et ordinary tenperetures unless it hes been contasinsted with a sore 
volatile product and, therefore, has the same allowable flash point as 
Wavy Special fuel ofl, lowever, due to ite lower average boiling ten- 
perature it will teke fire much more easily, and will support a faster 
growing, hotter and more persistent fire that may be a creat deal harder 
te extinguish, Also dissel ofl spreads more rapidly beth on land and 
water and burns completely whereas boiler fuel ofl may go out of its om 
accord, A spray of diesel ofl fran o leak or line break may be quite 
easily ignited ty any flame or hot engine exhaust. Thus, while both 
diesel and fuel oils are relatively non-hasardous from the standpoint of 
the amount of vapor they release, diesel of] must be recognised as 
potentially more dan erous and therefore warrants extre care in handling. 

Typieal naval advanced base facilities for the receiving, 
storage, and distribution of ¢iesel ofl in both tropical and cold climstes 
are shom on Figure 1 in the Appendix, It say be noted thet the diesel 
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tank farme are such smaller in Capacity than the fuel of] tank farms in both 
the De} and fl, componente, Ineluded in the distribution facilities for 
diesel oll is a fueling plor for issue to naval vescels and a loading 
rack for truck and can fill. Gleriiare ane snetalied on the distribettcn 
Lines near the pointe of Lome. 
3. Gasoline 
. ‘the properties of gasoline make it the “problem child” enong 
petrolews fuele where handling is concerned. It is highly inflamable, 
vaporises readily even at low temperatures, possesses undesirable punp- 
ing characteristics and is corrosive to steel jlpelinos due to the mall 
anount of water and oxygen it always contains. Gasoline containing 
tetraethyl lead is petsonous when swallowed and the vapors are toxic. 

| Perhaps the most distinguishing feature of gasoline as far as 
precautions in handling are concerned is its inflanability. Speci fiestions 
normally do not require a minimus flash point for gasoline since this 
Venperature would vary greatly depending on the exact composition of the 
fuel. but curiously the flash paint must be vell belo 0° 7, in order 
te permit casy starting in cold weather. The highly inflameble nature 
ef gasoline is indicated in Table 1 belew.? 


True vapor pressure of air free e .& 1 8 2 
sample, PeSele at LOOP, soos 
Lower explosive limit OF, sescees 2h 31 938 oh3 oh? 
Righer explosive limit °F, .esess 29 20 15 8 3 
Approximate flash point * eeee6 ell -19 -26 32 -% 
Coneentration of vapor at 
Concentration of vapor at higher 
explosive limit % by volume o.. 720 Tel 703 7.5 To? 
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_ The true vapor progsure usuelly is from three to ten per cent 
lower than the Reid vapor pressure depending on composition of the 
gasoline. Also moter gasoline of a highsr vapor pressure is usually 
supplied to bases in col’er climates. 

_ It may be observed fram Table I that all gasoline will give off 
vapors at almost any tenperature except perhaps in the most severe arctic 
condi tions, and these vapors may form explosive mixtures with air, In 
this connection it ie the lean vapor mixtures that are dangers 6 ines 
the concentration ef vapor at the higher explosive Malt in per cant ty 
Volume is relatively low. When gasoline is stored in tanks oF other 
@losed containers at usual ataospheric temperatures the concentration of 
gasoline vapor in air becomes so rich thet the tank vapor space is not 
explosive, but vapor iswuing from tank vents and Ciluted with additional 
air may become a very serious hazard, 

In weary cold climates the gasoline say vaporise so slowly that 
the tank vapor space becomes explosive due to the low concentration of 
vapors. Such a condition should be suspected whenever the liquid body 
temperature drops below 20° F, Static olectricity buildup in dry air 
at low temperature say offer & sources of ignition at euch a tine, 

bue to the long distance over which heavily concentrated vapors 
Gan trevel to ultimtely find 4 soures of ignition, gasoline spillage is 
extremely dangerous and sust be svoided wherever possible, 

Gasoline is difficult te pump under the best conditions, which 
conditions do not usually exist at naval advanced bases, The volatility 
of the product makes it difficult to handle even with 4 moderate suction 
lift while the absence of luoricating qualities and its penetrating 
qualities sake it difficult to hold with ordinary shaft end valve stem 
packings, and may result in cutting and abresion of shaft sleeves and 
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pump liners. Pumpe designed for other service are seldom satisfactory for 


handling gasoline, 
Gagoline has a low viscosity of approximately 0,007 stoke et 
60° F., & value which ie completely off the scale of the Saybolt Universal 


Viscosimeter, Viscosity, therefore, is @ relatively unimortant fector 
in resistance to pipeline flow when it reaches guch low values, while 

pipe roughness becomes a very important factor, 

"the corrosive effect of the oxygen and water present in the 

gusoline not only causes deterioration of steel pipelines and storage 

tanks, tut produces sesle and sediment which come out of the lines and 
therety dumace pumps or contaminate iasuce unless adequate trepe and 

strainers are used. 

No distinction is made between aviation gasoline and moter 
gasoline as rogards handling facilities end precautions, Figure 2 in 
the Appendix shows the standard layout for © 200,000 barrel gasoline 
tank form which may be used for the storage either of motor gasoline or 
aviation gosoline. Contamination of either type of gasoline is to be 
avoided, thile in fact soter gasoline may became slightly contasinated 
and yet be usable, it is obvious that gasoline ismed to aircreft must scot 
specifications in all respects. 
le Jet Fuel 

As in tho case of gasoline, specifications for jet fuel have 
undergone changes in an attempt to meet requirements for better perforn- 
ance of aircraft turbines and jet engines, The fuel currently used is 
known ap Orade JP-5.” While not as volatile es gascline and alse differ- 
ing from gasoline in other respects, there can be little difference in 


the handling facilities and operations of these two fuels. 
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_ EWVq SHORE FACTLITINS FOR HANDLING BULK PrTROUEUM 
FUELS AT WAVAL ADVANCED BASES 


;< 


Advanced base fuel handling system: include facilitivs for re- 
ceiving, storing and distributing one or sore of the fuels discussed in 
section IIT, Walk fuels are received from tankers, stored in tank farus 
and distributed for issue on the base or to vessels of the flert, 
nal The first consideration in the design of an advanced base fuel 
ayeten is tanker turn around time, It is inperstive thet tankers be 
unloaded in the shortest possible tim, not only for reasons of econowy 
but also for security reasons in tine of war, Ways and means of reducing 
tanker turn around time are, therefore, being given contiming study by 
the Wavy. 

Ta order to receive from tankers and iecus to ships the ses 
leading Lines wust be in condition to permit the flew of fucls at suf- 
ficient rates end without leakage, Failure of those Lines during and 
after Vorld War II was not uncommon and ieprovesent in materials and 
construction techniques are therefore needed, 

Protection of pipelines and tankers from corrosion can be 
measurably improved; corrosion protection for World War II faetlities 
wae practically nil, Cathodic protection by means of enodes and brush- 
on coatings for protection against oxidation should be provided, Also 
the substitution of corrosion-resistant materials for steel should be 
considered, Large losses of fuels cue to corrosion failures in pipelines 
and tanks have been incurred, 
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another cause of appreciable loss of fuel, particularly gasoline, 
is evaporation wich could be practically eliminated ny the installation 
of vapor recovery aysteme in conjunction with gasoline tank farms. A 
standard vapor recovery syeten of the breather balloon type is considered 
the mest practicable solution to this problem, ireather balloons are 
available commercially in « wide range of types and capacities, 
\. »oq She eite for a tank farm is important for a number of reasons. 
From an operational standpoint, it should be located so that full advant- 
age can be taken of the elevation of the tanks and the product dispensed 
from storege by uravity. in som cases, World war 11 advanced base tank 
fapme were so situated that it was necessary both to puap into and out of 
aterage, while in other cases tank farms were so located that the tankers' 
pumps could pump direct to storage without the aid of boosters and yet 
the tanks were high enough that the fuel could be dispensed by gravity, 
Due to commonly severe climatic conditions ani relatively inexperienesd 
persemm), saintenance of advanced base mechanical installations is a 
problem end it ie highly advantageous to eliminate boorter pumps and 
Similar installations if at a1] practicable, 
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A. Receiving Facilities 


- ‘Receiving fasilities for an advanoed-bduse bulk-fuel handling 
system commence with the blind flang on the offshore end of the submarine 
hese (See Figure 3, Appendix) terminate at the ring header in the tenk 
farm (See Figure 1, Appendix) and include all hese, pipelines, pumps valves 
and fittings between these two points. 

1. Sea Loading Lines warn 

As previously indicated most advanced-tase bulk-fuel storege 
plants are at lesst initielly dependent on 90a loading lines for the 
receipt of fuel from tankers. Figure 3 in the Appendix shows construction 
details for 6", 6" and 12° see loading lines with cargo hose, Commercial 
oil companies have for yeare s.ccesafully constructed and operated sub- 
marine pipelines for tanker loadings. lost lines of this type are con- 
structed of extra heavy pipe with protective coating, although some lines 
have been laid bare. Union 041 Company's eee loading line off the beach 
at Ventura, California is @ bare line that has been in service for approxi- 
mately twenty yoars. A few yoars ago cathodic protection wes installed 
om thie line, and indications are that the life of the line will be ex 
tended appreciably by this protection, 

Sxperience with sea loading lines at orld wer [1 naval ad 
vaneed bases in the Pacific Ocean areas was not as satisfactory in general 
as in the case cited above. Failures during the first year or two of 
operation were common although standard weight or heavier pipe ses used 
Glmost without exception, ‘Several methods were used for installing the 
Submerged line depending on the type of bottom present, the personnel and 
equipment available and also upon wave, tide and wind conditions,” one 
method used consisted of welding sections of pipe to.ether on shore, 


Salts thd Gaal Died diia Weed engi wim esin 
aaa isis ie 20 sone detemmatinen | 
iicsscponehupapepemaemaipan 

a +) éyapmmamaies 


ten " be t tesel de ns etal 
auttocrtanse ssn xibaccys sth a2 € ouytt emia ea Sets tative 
fadorenssed beatin ckula yt eesonginpatlihaaimaieanel 


| ome ee hate te nen ene etnias tenthoky eabrac 
cataleuidiniibtieesintennnnn tend mphengmdebesemsd 
sme od Liiw omtl weld Yo WEL wid dur? ora ensktunthad dew ,onts adit sm 
| | , stoktoatotg Gilt of widalrencys haben? 
wos davag: Ui aw Biwpt Je eenkh yathunk sen Adin eonedvori ) 
Leromey a whadectaives 08 son ane wkeTe MHG90 eL2es” al? At vaRed hoon 
Ye ond te taney dock? edt yaiveh werwiket .ovoda bedlo sese ads af oe 
fine Lennowie: os gtumnerg mottos lo ony ad’ me gatbmeqe® eal! Seg temdwe 
ent “,emmttibeos bate ima aotd yori mown cele Bee ohdaltave tun; tupo 
estes mm Teitene? ogty te empitcer pathlow Ye betebanee boon Seddon 


flosting the sections out on barges where they were welded together, 
weichted and sunk in place, Another aethod which was also used con 
sisted of welding the hove adapter on end of the first joint of pipe 
and belting on a blind flange for water tightness; walding on additional 
Jointa of pipe om the beech and pushing the line into the water until 
the desired length ws obtained, In using the latter method no addi- 
tional floste are required for « 12" line inasmuch as the empty line 
ancy for floating inte position, Oil drums are usually readily avail- 
able and make satisfactory floats. Lowering of the line can be accom 
plished ty shooting holes in the crums, 

It will be noted from Figure 3 in the Appendix that the under 
water lines fan out to present the connection in line with the side of 
@ ship moored in the fueling berth, Where fuel oil, diesel of] and gasc- 
Line Lines are all installed, the fuel ofl line is loosted in the center 
with the diesel ofl line toward the moorings or stern and the gasoline 
line toward tho bow as tankers carry their gasoline in the forvard tanks 
and their diesel aft. 

Te give long service euch es the Union 011 Company line, 
Submarine pipelines should be properly placed on bottom, and civen fre- 
quent inspection. uch was probably not the case with sea losding lines 
constructed at advanced bases uncer wartine conditions, in order to 
pleee aes loeding lines in oper.tion as quickly as possible, they were 
often hurriedly laid along the bottom with no trenching end little if any 
additional weight provided, The lines ware, therefore, subject te nove~ 
ment by the ocean currents and early failure frequently resulted from 
abreaion where the pipe lay eeress corel reefs, Miasting of « trench in 
the reef for the line ant adequately weighting the pipe is necessary if 


Rnenoeing rien mse bs ne tn 


agua aaa aan sbanciaphineingpe a 
1H et mia ro tl | 


. “eat ee ot tts nde nenee eee: 
gf hte of sammdtime sation ibe cous Devas Je bofomsiem> 
grow <olt -okdtenct os ehintep aa dotiatoge nt some yntbaet aes onskq— 

G2 donot 2 Yo nivel .etowr Leven enews yl ogdy wolr reece andnis 
28 yaeeausce Of oxy otf yeltdhiow “fedewpabs Gem ent! ert? Get wer ets 


such failures are to be prevented, Another source of early failure was 
the parting ef the cargo hove at the end of the pipe due to improperly 
Connecting or mooring the hove. llese failures of this nature can be 
minimised by carefully following the connection snd mooring details 
shown on Figure 3 in the Appendix when placing the hose, 

Little or no ingpection was provided these sea loading lines 
end line failures wre often not discovered wtil a tanker arriving to 
load or unload found the cargo hose missing, or upon commencing to pump 
through the line observed fuel coming to the surface of the water, Under 
these conditions, fueling operstions are not only ¢cisrupted, tut ofl and 
particularly gasoline on the surface of the water becomes a fire hasard 
to the ehip. f‘ience, the tendeng was to replace submarine fuel lines 
with more reliable fuel piers or docks, although the sea loading lines 
have three advantages over waterfront focling structures, vis, (1) 
speedier construction, (2) less antearials and labor reqired for in- 
stallation and (3) capable of being laid out into deep water where larost 
shipe can be moored, The berthing and draught of new super-tankers is 
éafinitely o problem where water front fueling facilities are concerned, 
and it my be necessary in certain places to use oa loading Lines for 
dischering their cargo. 

Fuel receiving facilities at advanced bases should be such as 
will pormit tankers to discharge their cargo at the maximm rate, thereby 
reducing the turn around time to the minimum, Improved materials and 
equipment, greater flexibility, higher working pressures and improved cold 
weatier characteristics are factors which make possible the unloading of 
& M2 tanker at a rate in excess of 6000 barrels per hour, To mention 
one improvement in this connection <- a now light-might seven-inch cargo 
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hore hes been perfected with now light-weight mipnle and quick ecting 
coupling device.” — 
2, Booster Puss 

Advanced bese plans sné material lists provice for a tooster 
station te be used on reociving and te be located on or near the beach, 
Figure & in the Appendix shows the standard hockup for booster purps. 
Where the receiving lines are short ané the storage tanks are not 
eppreeiably highor then sea level, the pressure of the ship's punps may 
be sufficient te put the product into the tanks without intermediate 
boosters, The possibility of eliminating the booster pumps on receiving 
ia, therefore, one of the foctors to te considered in selecting pipe 
sizes and tenk farm location. On the other hand, it may be more desir 
able to boost the products to storage and elevate the tanks in order to 
dispense by gravity. A third possibility is the ideal condition wherein 
no booster pumpa are required. To sect this contition, the tanks must 
be situated low enough eo thet filling can be accomplighed withcat the 
aid of poostera and yet have sufficient elevation to permit dispensing 
by gravity. 

The handling of gssoline at advanced bases dring Yorld Wer II 
was compliceted vy a shortage of pumps that ware satisfactory for boosting 
gasoline, Several types of centrifugal pumps wore available, the most 
Common of which was the portable umit comrised of a gasoline engine criven 
pump rated at 350 gpm at 125 psi, This pump was very satisfactory for 
pumping Navy Special fuel oil, tut soon developed packing gland leaks 
when placed in geeolins service, It was observed that som ¢1solins 
booster stations were equipped with pumps desipned exclnsiwly for ster 


"Information regarding the development of the hose is classified 
material and, therefore, not available for publication. 
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sorvice wherein & snail stream of the Liquid pumped is used to ¢ool the 
shaft bearings. Been after sousthet ehebesete punpe wave tnetalied ot 
these stations, the leaking gasoline presented & very serious fire hazard, 
| The Aray 1000 gpm gasoline pumps and the Arey "pup pumps" 
called for in Pigsre in the Appendix are specially desicmed for gasoline 
servica, and fron Lintted observation they appear to be satisfactory, The 
staffins boxes on these pumps are considerably Longer than sonventtonal 
contrifagale and @ special packing for cesoline service is wed, 

The plan of the piping layout for booster stations (Pigare li, 
Appendix) permits © two-way operation, 1.0. boosting the fuel te storage 
tenks or fueling ships from the tanks through the sea loading Lincs, 

3. Pipelines 

Pipelines used en vecsiving are pressure Linsss Coated pipe 
was the exception, rather than the rule, for sea loading lines in World 
var II, Even when coated pipe was supplied the materials and equipment 
for field costing the joints were usually not available, In &@ sense, 
coated pipe with bare joints is worse than no costing at all éue to the 
corrosion concentration at the breaks in the costing and hence such a 
line usually fails soaner than one consisting entirely of bare pipe. 
Some improvised field coating of sulmerged lines was attempted, usualiy 
involving the use of tar or road esphelt, neither of which wes very 
oatisfactory. 

No eathodie protection is known to have been installed at 
ceupereny edvenesé tesse censtrusted desing the var. Installation of 
magnesiusa anodes on underwater lines at the beach wuld be « relatively 
simple procedure, and wuld probably cathodically protect the pipe for a 
distance of several hundred yards fron shore, perhape even for its entire 
len; the 
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From the beach to the tank fare light weight, epiral weld, 
croaved coupling steel pipelines are sutiefactory emept perhare under 
road and stream crossings. (Functional components for 200 foot and 
400 feet stynen qreesings have yoon doveleped by the Baremn of Yardy 
and Docks), The pipe should be laid on the surface wherever practicable 
to speed construction and elininate electrolytic corrosion. Seary i 
Uinber skids or Logs locally evatlatile will serve to suppert the pipe 
above the round surfaces fabricated steal er concrete supports are 
usally not werranted, Sufficient slack should be in the lines to take 
care of expension snd contraction of the metal with temperature changes. 
Also supporte or skids should be long enough to allow for lateral sove~- 
ment of the pipe as it expands and contracts, 

With the pipe above ground, protection from oxidation may be 
accomplished by applying a brush-on coating as often ag necessary, 
Where the line must go underground cathodic protection can be provided by 
magnesium anodes, The use of rectifiers with cround beds for cathodic 
protection would normally not be practicable for fuel aystensof the type 
under discussion, 

Pipelines should be marked frequently with painted bends in 
eccordence with the standard Navy color chart,” vis, bright blue for 
aviation gasoline lines, orange for lines carrying motor gasoline, green 
band for diesel and yellow band for fuel oils. Also block gates should 
be installed et intervals along pipelines of considerable length so thet 
sections of the line may be isolated for repair in the event of rupture 
or Gamage from oneny action. 

In addition to adequate working pressure, desirable character 
istics of pipe are (1) light weight and (2) suitebijity for ranid 
installetion, Materials being tested os possible substitates for steel 


Tu Pe opted ae } a Ny: ORY. Paaee ent £8: om 
hse doe) 0 , ") sxgatenors cewrie fon baer 
EM UE, cat iii, pe ae: «he 

ohat 


st dh ; wr peed i yu 4 
p ta o " te * 
bs r, = - ie ities © Seat 7 


We epee yeoail onticen, aoitaies 
Steeda ehbtn det oath A a eae wk SS 


fats on diyenk eLimeninece Xo vonileghy genta alerotni fu Bubiedsnt ed 
tutes To deve edi at singer oR bedakoat w! Yee ectt act Te aonltone 


sien, Nntiee 


| snoltos wacs watt oyu 0 

tea ewonoey gnhiien age:v0Ka 0) mivib: 9 | 
| ‘Saver wot wpnbhéarte (3) ina dito tagtt (£) wre eagle to vobias 
 Seata ti sodudtendee widteeoq ax bedeut gated elabcosut: stated Lorex 


pipe includs aluminum, magnesium, plywood, honeycom> and reinforced 
plastic. Plywood and honeycomb plastic have been determined to be 
unsatisfactory. ge 

Although it has been dene successfully, the pumping of dif~ 
ferent products through the sam line should ponerally be avoided et 
advanced bases, in the event sueh an operution is attempted only clean 
products should be pumped, and turtmulent flow mst be aaintained te avoid 
excessive contaminstion from aixing. 4lse inexperienced oper«ting 
personel must be closely supervised for an operation of this type to be 
successful. 
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B. Storage Facilities 

~ In addition to tankage, storage facilities include the pipe 
in the ring headers, trensfer pumps and accessories such as valves and 
fittings, Storage for ready issue like the four 1000 barrel tanks show 
in Figure 2 in the Appendix are considered part of the distribution 
fecilities, In other words, the storage facilities comprise that part 
of the system between tho tail gate on the receiving lines and the 
header yste on the distritution lines, 
Le Tanke 

AS previously stated, the advanced base fuel tanks tuilt during 
World War II were mostly of the bolted type, particularly in the Pacific 
theatre of operations, An exception was the tank far= on Hennett Island 
in the Kwajalein Atoll, liere the storage consisted of large capacity 
(approximately $5,000 barrels) riveted steol tanks, ‘These tanks, orig- 
inally @ part of the Teapot Domo tankage erected in the 1920's were dis- 
gantled and regonditioned prior to being shipped to the Pacific. A fow 
of the Teapot Dome tanks were also shipped to Guam. During 1947 on Guam 
the wartige bolted tanks begen to fail, and the supply of new bolted 
tanks had been exhausted, “asoline storage was becoming critically low 
when materials for two 00,000 barrel riveted tanks complete with rivets 
and coal for the forge were discovered in an inactive storage area, The 
materials were reclaimd from the jungle and the tanks hurriedly erected 
to provide the auch needed gasoline storage. 

A few welded steel storage tanks of 10,000 te 50,000 allen 
capacity were scattered around over the Pacific, but these tenks were used 


primarily for ready issue storage, 
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Belted tanke wore, with fow exceptions, standard A”T tanks of 
either 1000 or 10,000 barrel capacity, The 1000 barrel tanks were pre- 
dominantly the low type (approximately 30 fect in diameter and 8 fect 
high) tut the high type (approximately 21 fect in dismeter and 16 fect 
high) were also used, The 10,000 berrel tanks, approxisately SS fect in 
@iancter ond 2), fect high, were normally provided with manufacturer's 
standard caskets suitable for use with fuel ofl and diesel ofl, tut not 
@aitable for gasoline, It was, therefore, necessary that special easkets 
be obtained if the tanks wre to be used for meoline storage - the type 
of casket material with wich the 1000 barrel tanks were normally emipred, 
—— Pigare 5 in the Appendix is the standard plan for the erection 
and comection of & 1000 barrel tank at an advanced base, The yout for 
& 10,000 barrel tank io similar, 

The tank foundation of 6 sand cushion on natural ground or com 
pected fill is entirely adequate, in fact is mre satisfactory than many 
of the sore elaborate tank foundations which were constructed at advanced 
bescs, Some of the more commen types of these foundations were concrete, 
asphalt, sand cushion with concrete retaining ring and oiled sand, where 
Glean sand can be obtained, and it is generally about the mest plentiful 
material locally available, the concrete and asphalt fountstions are not 
recomnended beeause extra materials, minpower and time are required, The 
ase of o Ping to retain the sand ts noreally not necessary - in Som un- 
wouek eases 16 aicht be justified, Spraying the sand with ssphalt, tar, 
or even of] has no partionlar advantage, in facet aay accelerate corrosion 
of the tank bottom ty holding water betwsen the steel plates and the sand 
cushion, The foundstion should be kept dry and nothing doos the fob quite 
28 well a9 clean, unconsolidated sand, 
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Rotten leaks wore the sost common cause of tank failure. Some of 
these leaks were undoubtedly caused by faulty erection, but the large 
majority were due te corrosion. “o corrosion protection was provided most 
of the tank bottom, either insides or outsides the tanks, Costing of the 
bottom and up about a foot along the inside of the tank walls will provide 
some measure of protection from the active electrolytes in the 8.5. & H. 
Paint or coating developed for this purpose are mamfactared by a number 
of companies e.g. 1.5. Stoneware and United Chromium, Inc. This type of 
coating aust, of course, not be soluble in petroleus fuels, Cathodic 
protection of the underside of the tank bottom may be provided ty magnesiun 
anodes, In order to insure esthodic protection of the entire botten of 
the tank, the plates should be electrically bonded together with a low 
resistance connection when installing the anodes, 

Tanks with minor bottom leakage may sonetines be retained in 
service for a while by ute of & water pad, Water say be pumped in through 
the bottom drain connect.on and no appreciable mixing with the product 
will occur, The water pad should te from three to six inches in depth, 
enough to prevent leakage of the fuel from the tank, bat with the water 
level always woll below the tank outlet wiich is normally about 12” above 
the tank bottes, The water ped cannot be used with an elbow inside the 
tank as shown on the detail of the typical tank comections in Figure 5 
in the Appendix, It has been observed that this elbow has seldom been 
installed when erecting bolted tanks. 

If the walls and roofs are reasonably good on « tank with a 
feulty bottom, @ concrete ceck of three or four inches in thickness my 
be poured to sorve a8 a new botton, 
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» Direct oxidation of tank roofs and walls in the presence of air 
and moisture is @ source of corrosion that can be effectively eliminated 
ty painting. 

In the April, 1953 issue of "World 011" there we reported a 
new type of corrosion resistant oil sterace tank offered ty Yurdeck Tank 
end lemfosturing Companys’ tho new belted tanks are nade of reinforced 
pleeties, combining /iverglas wat and Laminas polyester resin and range in 
capesity from 250 to 3000 barrela, Fiberglas-Laminac material is reported 
impervious te damage by hydrogen sulfide moes, salt water and electro- 
lytie action. The acw material also rednees vapor losses comm in metal 
tanks ag it has thermal conductivity of about 1/20 that ef steel. 
Purthersere, the plastic saterial <oes not expand and contract apnreciably 
under varyin; vemperstare extrems, which minisises tewerature stresses 
Gt the belted seams, The cost of this now type of tank is not stated, 

Belted tanks have & tendency to leak »t the seams, Tightening 
of belte say be adequate te stop seam leaks, however, if « leak ic dye to 
excessive tightening of the belts and « emecsing out of the gaskets, then 
Little on be done except to replace the domaged pasketing, Tests are 
being conducted on materials designed te prevent drying out of ¢ skets 
when tanks ere omptye 

The bers around « fuel tank mst be properly drained, In the 
event water is allowed to acoumlate insice the fire wall or bere there 
is danger of floating Light weight tanks off their foundation, 

2. + ipeiines 

Intereomecting pipelines within the tank farm should be of the 
Light weight, quick coupling type. Construction features diseussed under 
receiving feeilities are applicable and are not repeated, 
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3. Transfer Pups ' 

~— _Cemnashiene fot otmenend hese Wwenster yume tre settles © 
Figures 6 end 7 in the Appendis respectively, Figure 6 shows a gasoline 
transfer pump with 0" ring header, and Figure 7 shows « transfer pump for 
fuel and diesel oil with 12" ring header, The pusps are 80 connected in 
to ready storage for issue or back through the sea loading lines, 

le Breathing Losses 

sens Standard, belted steal tanks are equizued sith ized contend 
roofs, and the gas within the tank is subjected to appreciable variations 
in Vesperature betwen day and night resulting in material exansion and 
contraction changes in cas volume, "ith temperature increase the gas 
expends, and some of it must be released from the tank for pressure relief, 
Then with tespereture decrease the vapor in the tank contracts, and air 
mast be aduitted to avoid collapse of the roof, Also when filling, the 
vapor must be allowed to escape in order to make roum for the liquid, 
end when pumping out of the tank air must be allowed to enter tn order to 
prevent & vacuum, This condition presents no partioular problem in the 
otorage of fuel and diesel of, but with © volatile fuel such os gasoline, 
everoration due to teaperature changes and pumping say result in sub- 
stantial losses of product. A very limited number of bolted tanks et 
World Sar TI edvanced beses were provided with pressure end veouun relief 
valves, Although not wholly effective in eliminating evaporetion losses, 
the pressure end vaouun relief valves were & step in the right direction. 
Tt dos not appear pructicatie to change the roof design of bolted tanks 
for advanced base use to any of the several types which reduce vapor 
losses such ae the breather roof, “water top” roof, or “flosting" roof, 
However, & vapor recovery system for gasoline tank farms is a possible 
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solution to the problem. One of the simplest end least expensive of th se 
vapor saving devices is the so-called breather balloon installation,’ 
Balloons are sade in a wide variety of materials such as cotten end nylon 
base fabrics, fibre glass, synthetic rubber on nylon base material and 
neoprene. Neoprene is used where aliphatic hydrocarbons are in contact 
with the material, but should not be used where aromatic hydrocarbons are 
present in appreciable percentage. An 14,000 cubic foot balloon has been 
found to handle satisfactorily the vapors from tu 65,000 barrel rasolins 
storage tanks lovated in a temperate climite, With breathing losses 
agouned to be 7 alles per year per square foot of liquid surface area, 
breather balloon capscity required to eliminate at least 90 por cent of 
the breathing losses would be approximately 74 per cent of tank volu- 
metric capacity.’ sat 

Based on this assumption, the breathing losses from a 10,000 
barrel tank would ancunt to approximately 400 barrels of gasoline in a 
year or approximately 1200 barrels per year from 4 battery of ten 1,000 
barrel, 30 foot diameter tanks, Klimination of 90 per cent of these losses 
would result in considerable savings. Installation of the breather balloon 
vapor recovery system is simple and the maintenance costs neglicible, 

In addition te the balloon breathers available commrcially, 
it appears feasible to use the 1000 barrel pillowchaped tank of plisble 
material mentioned earlier. The tank could, therefore, serve a mal 
purpose, i.e. provide tulk storage capacity during amphibious operetions 
and then bo converted to a gas holder when tank farms have been erected, 
Again based on the assumptions in the preceding paragraph, one of the 1000 
barrel pillow-shaped tanks would provide ample gas holder capacity for one 
10,000 barrel gasoline storage tank or twolve 1,000 barrel storage tanks. 
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By using plastic pipe to connect the gas bolder with the storage tank 
prectioally no additional steel wuld be required for the vapor recovery 
systems 
Se Fire Control 

Advanced base fuel systems constructed during “orld jar II were 
provided with few, if any, five contrel devices. land and cart type CO, 
and foam extinguishers were plentiful. Although their importance should 
not be overlooked, these could hardly be considered effective fire control 
devices. Study and research is being given extinguishing agents including 
002 chewical foam, water fog, foy=foum, Gry powder, |romotri-fluronethane, 
and water additives,” Also experimonts are being conducted with a view to 
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C. Distribution Facilities 


‘Distribution feeilities include all pipelines, ready storage, 
punps, and eppurtenances which are uned to distritute the product for issue, 
As previously mentioned, the issues of fuel ofl are to surface craft or for 
boiler fuel ashore. Isoues to surface craft are made ty means of the sea 
loading lines, or in Some cases, & fueling plier. Issues to boiler plants 
ashore, if such plants exist, would be through mipelines end -eady storage 
consttucted fer that purpose. 

Dispensing of diesel fuel may be cither to naval vessels or eqip- 
ment and power units ashore, Tn adfition to the sea loading lines, om) 
fueling piers are usually provided for issue to surface craft, end tank 
truck and cen filling recks are provided for shore issues, as shown on 
Figure 1 in the Appendix, Pissel powered equipment is, in turn, fueled 
from the tank truck. 

Gasoline may be ¢ispensed to naval vessels through the sea lood- 
ing lines or to tank tracks ashore as shown in Pigure 2 in the Appendix, 
Mugoline issuing fectlities may also be provided for the emall beat dodks, 
1. Pipelines 

Light-weight steel pipe has been used alaost exclusively in 
temporary advanced base fuel distritution systens. Inagmch as stecl is 
critical in wartime, use of a substitute material for distritation Lines 
would be desirable. Where prossures and capecities will permit light- 
weight plastic pipe such as described in the Novesber, 1952 isoue of "world 
O12" may be used for distribution lines.’ Three=inch pipe of this cloar 
plastic weighs only 0.08 2b/ft., and some 000" of 2 and 3 inch has been 
laid by & teo~nan “spread” in a matter of several hours, Additional 
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advantages of this pipe are its inertness to rust, its ability te withstand 
electrolysis and ite flexibility which eliminates the necessity for mak- 

ing bends or angles, Also the pipe, being emooth, is almost frictionless, 
+ SRA 1 iyi wpa 
cent preater than that of steel pipe. 

2, Pumpe 

Wherever feasible, dispensing should be done by crevity from 
the sain storage area, Dy elimination of the dispensing pump the operotion 
is simplified, and by elimination of the ready gasoline storage evaporation 
losses are reduced, 

Ao indicated in Section Ill, B, 2, loestion of the tank fara 
my involve « decision in the field as to whether it is better te eliminate 
the booster pumps on receiving or on distribution, or whether the tank furn 
can be so situated that booster pumps will not be required on either re- 
ceiving or dispensing. 

3. Sater Separators and Clarifiers 

Sater separators should be provided for pasoline dispensing 
umits euch as shown on Figure 6 in the Appendix and clarifiers for diesel 
gach as shown on Figure 9 in the Appendix. It has been observed thet fre- 
quently water separators and clarifiare do not perform the functions for 
which they are designed due to leck of attention and maintenance, To be 
effective this equipment mst be drained regularly and otherwise properly 
cared for. 
ke Safety Precautions 

Leskes in the vicinity of iseuing facilities should be promptly 
repaired, no eneking regulations moet be rigidly enforced, spark proof 
nossles and tools must be used, explosion proof electrical fixtures must 
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be installed and electrical grounding comections must be attached to tank 
trucks before filling is commenced, | 
Por « salvia progren to be sffeckine, percennsl, mot be safety 
conscious and thoroughly indctrineted in the use of safety devices and 
endoty mecompene,. Ing fterepen ap4 epualarencsp. expnat. pa, talenebete, 1 :- 
thee erected at oval adimsad besos deting Corld War fT. The jor 
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V. SUMMARY AMD COMCLUSI ONS 
Deficiencies existed in the type of shore fuel handling fecili- 
ties erected at naval advanced bases during Gerld War TI, The major 
deficiencies and possible remedial measures are summriszed as follows: 
(1) Twn around time for tankers was in sone 
cases excessive, luproved materials and — 
equipamnt have been developed which make it 
possible to diseharge a T=2 type tanker at 
& rate in excess of 6000 berrele per hours 
Equipment on existing tankers should be 
mocified as practicable to inclade the 
latest improvements; now tankers obviously 
will be provided with the most modern pumps, 
hoges and accessories. 
(2) Failure of ees losding Mines efter only a 
short period of service seriously limited the 
asefulness of sone of the system, The useful 
life of sea loading lines can be lengthened y 
protecting the pipe against abrasion end corrosion. 
Providing « ditch by blesting or other means shore 
the line crosses rough ccean bottom or eorel reefs 
end acequstely weighting the pipe will alleviate the 
abrasive effect of the rocks and the coral, Coated 
pipe is desirable for sea loading lines; however, it 
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should not be used unless materials are 
available for properly costing the joints, 
Cathodic protection can be applied ty means 
of anodes to altigate electrolytic corrosion 
of the stecl pipe, ed, 

The majority of booster stations installed 
presented operational and maintenance pro= 
tlems. Pumps wore often not suitable for the 
type of service in which they wore used and 
aechanical failures were frequent, Only pumps 
designed for the fuel to be handled should be 
installed to prevent leakage and attendant fire 
hazards. Every consideration possible should 
be given te the layout and location of tank 
ferns with a view to eliminsting the need for 
booster stations, 

Little protection was provided arainst corresion 
failares in shore pipelines and tanks, Corrosion 
failures in steel pipelines can be ,reatly re- 
diced by supporting the lines on skids above- 
ground and applying brush-on costings. "here 


“it ig necessary to lay the pips underground, 


cathodic protection can be applied by means of 
anodes, Prush-on coatings can be applied to 
tanks to reduce oxidation and corrosive tenden- 
eles of electrolytes, Anodes can be used to 
cathodically protect the undesside of tank bottoms, 
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($) Gagoline losses due to evaporation were of con- 
siderable magnitude. ‘vecoration losses can be 
_ ‘Sppreciably reduced by installation of balloa 
vrosther type vaper recovery aystens, ‘tandard 
_- “balleen breather equipment in @ «ide renge of 
nas + eapagities is couwrelally svailable. Also a . 
@haped tanks and plastic pipe is considered 
feagible. An apparent advantage of the pillor 
shaped tanks is that thay may be first used 
= _ to gaa holders, 
(6) Fire control devices were yonerally inadequate, 
‘orporimental work ie being cone by the levy on 
) iaproved fLre control equipment and procednve, 
(7) Steck is @ critical material in tine of wr, 
Also steel pipe anc tankw are heavy items to ship. 
Light-weight plastic pipe and tanks have been 
developed which eam be substituted for steel in 
Gistribution systema, where cepacitics and 
pressures will permit. 
hile ecvanced Leases of thea future will probably have the sam 
functiona ag the bases of World War Li, their charagteristics may be quite 
aifferent. The type of bases to be built will be determined by many 
factors such ag the capabilities of the enemy, the charécteristias of the 
theatres, tbe yenerul utraiegic plens, tastloal cevelopapnt of new woapons, 
and the strength end digpositian of the enemy forces, The most complex 
type ef advenced vase io that in which the gound, air and naval forces 
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Gust chase Linhted seal eotete that hes been the come of intensive cn- 
phitdous and air combat and, while still subject to onesy attack, repidly 
develop thereon major facilities for the support of further offensive 
operations. 

Because the effectiveness of any offensive is greatly increased 
ty decreasing the distance fros which the offensive is launched, it will 
always be advantageous to operate fron advanced bases as close as possible 
to the enexy. The ever increasing demnd for greater fire power and 
reater mobility in all ow forces mpane ,reater aschanisation, 4 <reater 
need for technical improvements and for suintenance personnel and 
facilities. This, in tum, increases the already high retic of sup ort 
forces to combat forces, which mans that it is more imortant than ever 
that our advanced bases be substantial in their productive suppert capacity. 
An efficieng such higher than that achioved in the past is absolutely 
essential if advanced bases ere to fulfill their mission in the future, 

New wars are not won Solely on ‘he experience gained «nd lessons 
learned fron previous wars, fowever, elimination of the techn! cal pro- 
blems encountered in the construction and operation of the bulk fuel handl- 
ing fueilities at naval advanced bases both during ‘orld Tar I! and the 
post war years is obvicugly the first step in providing improved facilities 
for the next wars 

It is highly probably that a quaber of so-called “temorary" 
fuel systems erected at advanced banes caring sartim aay of necessity 
resain in services an indefinite period of time after the cessation of 
hostilities, it is, therefore, concluded that these facilities should be 
designed and constructed not only to operate with umximus mecha ical 
efficiency and siniaam loss of fuels handled, but also te give the naximn 
length of service practicable, 
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The following recomendations relating te advanced base fuel 
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handled and naximun lenctl of service, 
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(3) 
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(5) 


(6) 


ay Tt is recommended thet sea loading lines te laid 
“in @ diteh across areas of rough bottos or coral 
“"peafe and thet the pipe be adequately weighted, 
Cathodle protection ty means of magnesium anodes 
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19 recommended for unierwater and underground 
eteel pipelines and tank bottoms, 

It is recomended that pump stations be eliminated 
wherever praticable to reduce waste, fire hazards 
and maintenance problens, 

It is recomsended that the inside of tanks be 
protected from corrosion ty the application of 


the proper costing materials. 


It is recomended thet tank surfaces and above- 
ground pipelines be protected from oxidation by 
painting and brugh-on coatings. 

Vaper recovery ayetems of the balloa breather 
type are recommended for installation in con- 
junction with gasoline storage, treather balloons 
ape available comusrcially, or collapsible tanks of 
pliable material used for interin fuel storage 
probably can be converted to gas holder service, 
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(7) Light-weight plastic pipe and tanks are recomended as 

substitutes for steel where feasible, 

Tt mast be realised thet in wartins probless of supply and 
personne] are involved in the construction and operation of advanesd base 
fuel handling facilities; if the materials called for on the plan are 
net available, then it is necessary to improvise, and if experienced 
personnel are not available for operation of the facilities then inex- 


__ perdenced personnel must be used, 


In gonerel no attempt hos been made to analyse problems re- 
lated to these two factors, 
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